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[57] ABSTRACT 

A two-gyro four-gimbal attitude sensing system having 
gimbal lock avoidance is provided with continuous 
azimuth information, rather than roll information, rela- 
tive to the magnetic cardinal headings while in near 
vertical attitudes, thereby to allow recovery from verti- 
cal on a desired heading. The system is comprised of 
means (48) for stabilizing an outer roll gimbal (14) that 
is common to a vertical gyro (12) and a directional gyro 
(10) with respect to the aircraft platform (50) which is 
being angularly displaced about an axis substantially 
parallel to the outer roll gyro axis, and means (38) for 
producing a signal indicative of the magnitude of such 
displacement (62, 64) as an indication of aircraft head- 
ing. Means are provided to cause stabilization of the 
outer roll gimbal (14) whenever the pitch angle of the 
aircraft passes through a threshold prior to entering 
vertical flight and destabilization of the outer roll gim- 
bal (14) upon passing through the threshold when de- 
parting vertical flight, 

9 Claims, 4 Drawing Figures 
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AIRCRAFT BODY-AXIS ROTATION 
MEASUREMENT SYSTEM 

ORIGIN OF THE INVENTION 

The invention described herein was made by an em- 
ployee of the United States Government and may be 
manufactured and used by and for the Government for 
Government purposes without the payment of any roy- 
alties thereon or therefor. 

FIELD OF THE INVENTION 

This invention relates to gyro systems, particularly to 
apparatus for indicating the orientation of aircraft in 
flight, and more particularly to providing continuous 
azimuth information as the aircraft turns on its roll axis 
while in near vertical flight, and for preventing tumble 
of platforms in gyro systems upon departure from near 
vertical flight. 

BACKGROUND OF THE INVENTION 

Vertical and directional gyroscopes, hereinafter re- 
ferred to as gyros, have been used in aircraft to provide 
signals to stabilize flight and to provide heading and 
aircraft attitude information. Typically the two gyros 
are mounted on a common outer gimbal which pivots 
on the roll axis of the aircraft. U.S, pat. Nos, 2,941,306 
and 3,045,356 illustrate two systems that are illustrative 
of the state of the art. The Bendix Corporation has 
developed automatic control and attitude reference 
systems for aircraft, typical of which is an automatic 
control system disclosed in U.S, Pat. No. 3,075,729. Of 
particular interest to this invention is a two-gyro plat- 
form manufactured by the Bendix Corporation, Part 
Number 19005- IB. The outer roll gimbal common to 
both the vertical and the directional gyro is pivoted by 
a servomechanism on the roll axis in response to signals 
from the vertical gyro. This aligns the directional gyro 
to the vertical gyro gimbals and keeps the directional 
gyro oriented to the vertical at all times. The outer roll 
gimbal becomes the third degree of freedom of the 
vertical gyro. 

The roll servo input signal is derived from the syncho 
transmitter on the roll axis of the outer gimbal common 
to both gyros. The pitch servo input signal is derived 
from the synchro transmitter on the pitch axis of the 
vertical gyro in conjunction with a control transformer 
on the pitch axis of the directional gyro. These signals 
are supplied to separate servo motor generators 
mounted on the gyro platform fixed to the aircraft main 
frame. These motor generators drive their respective 
gear trains into a directional gear. The input gear in the 
roll train to the differential also acts as a direct transmis- 
sion to the gear that is attached to, and drives, the com- 
mon roll gimbal. The gear trains are designed so that a 
pure roll input will produce no relative rotation of the 
common outer roll gimbal, but when a simultaneous 
pitch input occurs, the combined inputs will then pro- 
duce a corresponding rotation of the pitch gimbal to 
maintain the directional gyro oriented orthogonal to the 
vertical gyro, i.e., to maintain the third gimbal of the 
directional gyro normal to the second gimbal of the 
vertical gyro. 

For high performance maneuvers, there is an optional 
“special functions” operation of this two-gyro four-gim- 
bal attitude sensing system which provides for continu- 
ous roll axis information when the aircraft nears vertical 
pitch. At such an attitude, the roll axis becomes essen- 
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tially identical with the azimuth axis, so without stabili- 
zation, the outer roll gimbal could revolve about the 
axis of the vertical gyro as a result of the familiar “gim- 
bal lock” phenomenon. As a consequence, there is pro- 
vided means for sensing when the aircraft pitch nears 
vertical (within 15®), a special azimuth and roll-pitch 
resolver signal is fed to the roll servomechanism, caus- 
ing the outer roll gimbal to maintain its position in space 
relative to the azimuth of the aircraft immediately pre- 
ceding the maneuver. This prevents “gimbal lock” and 
allows for continuous roll information during the ma- 
neuver. This is because the common outer roll gimbal is 
now fixed in space, and not fixed to the airframe, thus 
permitting true roll indication at any point regardless of 
the near vertical pitch attitude. 

The problem with this sytem for avoiding “gimbal 
lock” is that geographic heading information is unavail- 
able during a near vertical maneuver. Yet such informa- 
tion is vitally important if the aircraft is to pull out of 
the maneuver at a desired geographic heading. It would 
be desirable to modify such a two-gyro four-gimbal 
system to optionally provide heading information con- 
tinuously throughout a flight profile whereby the air- 
craft rotates from a level attitude into a vertical flight 
attitude, and while in vertical fight, spins about its longi- 
tudinal axis, and returns to level flight attitude with 
normal geographic heading accuracy maintained. More 
specifically, it would be desirable to provide an elec- 
tronic signal from a two-gyro four-gimbal attitude sys- 
tem platform that functions to define an aircraft body 
axis rotation around the aircraft longitudinal axis for 
onboard cockpit display, or for remote ground based 
control cockpit display of heading for precise geo- 
graphic profile control. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a two-gyro 
four-gimbal attitude sensing system having gimbal lock 
avoidance, as described above, is provided with the 
option for continuous azimuth information rather than 
roll information for onboard cockpit display, or for 
remote ground based control cockpit display, relative 
to the magnetic cardinal headings while in near vertical 
attitudes, thereby to allow recovery from vertical on a 
desired heading. The present invention will also sub- 
stantially lessen the probability of gyro tumble upon 
departure from a vertical attitude. The system is com- 
prised of means for stabilizing an outer roll gimbal that 
is common to a vertical gyro and a directional gyro 
with respect to the aircraft platform which is being 
angularly displaced about an axis substantially parallel 
to the outer roll gyro axis and means for producing a 
signal indicative of the magnitude of such displacement 
as an indication of aircraft heading. Means are provided 
for so stabilizing the outer roll gimbal whenever the 
pitch angle of the aircraft passes through a threshold 
prior to entering vertical flight and for destabilizing the 
outer roll gimbal upon passing through the threshold 
when departing vertical flight. 

Since any two of the aircraft or gyro axes define a 
plane, angular displacement will normally occur be- 
tween the plane defined by the aircraft longitudinal and 
lateral axes and the plane defined by the gyro roll and 
pitch axes whenever the aircraft assumes a rolling atti- 
tude. Similarly, such angular displacements will nor- 
mally occur between the planes defined by the aircraft 
vertical and lateral axes and the gyro azimuth and pitch 
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axes in a climb or dive and between the aircraft longitu- 
dinal and vertical axes and the gyro roll and azimuth in 
a yaw (change of azimuth) attitude. The present inven- 
tion provides means for controlling and/or sensing such 
angular displacements between the aircraft and gyro 
axes and/or the planes defined thereby. 

The novel features that are considered characteristic 
of this invention are set forth with particularity in the 
appended claims. The invention will best be understood 
from the following description when read in connection 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified isometric depiction of the gyros 
employed in the present invention. 

FIG. 2 is a simplified schematic representation of a 
typical prior art gyro system. 

FIG. 3 is a schematic representation of the electrical 
system of the present invention. 

FIG. 4 illustrates the gyros of FIG. 1 during vertical 
flight (nose down). 

Reference will now be made in detail to a preferred 
embodiment of the invention, an example of which is 
illustrated in the accompanying drawings. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A conventional body-axis rotation measurement sys- 
tem is exemplified by the Bendix system (Part No. 
19005- IB). It is comprised of separate directional and 
vertical gyroscopes 10 and 12, hereinafter referred to as 
gyros, mounted within a common outer roll gimbal 14, 
as shown in a simplified diagram in FIG. 1. Some ele- 
ments of the Bendix system shown will be described 
briefly to provide an understanding of a typical environ- 
ment for the present invention. Other elements not 
shown would be necessary for a more technical descrip- 
tion of the Bendix system in its conventional modes of 
operation, but since the present invention modifies the 4 q 
B endix system to provide a new system with a special 
mode of operation, only enough of the Bendix system 
necessary to fully understand the invention will now be 
described with reference to FIG. 1. 

The directional gyro 10 and a vertical gyro 12 are 45 
slaved to the gravity vector of the earth through con- 
ventional and independent erection means (not shown). 
Each gyro is independently gimbaled within a common 
outer roll gimbal 14. The latter is caused to pivot about 
the roll axis of the system in response to signals from the 50 
vertical gyro 12 to maintain the directional gyro com- 
ponent vertical with respect to the earth at all times. 

Through utilization of conventional means, a roll 
servo input signal is derived from a synchro transmitter 
16 on the roll axis of the vertical gyro 12. Similarly, a 55 
pitch servo input signal is derived from a synchro trans- 
mitter 18 on the pitch axis of the vertical gyro in con- 
junction with a control transformer (also not shown) on 
the pitch axis of the directional gyro mounting. These 
roll and pitch signals are brought out of the gimbal 60 
system, amplified and supplied to servo motors through 
gear trains, as noted hereinbefore. 

The directional gyro 10 is stabilized by the vertical 
gyro 12 to a gravity vertical by mechanically coupling 
a pitch gimbal 20 of the directional gyro 10 to a pitch 65 
gimbal 22 of the vertical gyro 12. This mechanical cou- 
pling (not shown) enables the two gimbals to be main- 
tained at substantially right angles to each other. The 
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outer roll gimbal 14, on which both gyros are mounted, 
performs a similar stabilizing function for the roll axis. 

The vertical gyro 12 is constructed such that a gyro 
wheel 24 is mounted in an inner roll gimbal 26 that 
5 rotates about an inner-roll axis parallel to the roll axis of 
the system. This inner roll gimbal 26 is mounted on the 
second (pitch) gimbal 22 that rotates about the pitch 
axis. Mounted on the pitch gimbal 22 are a torquer 28 
for the inner roll gimbal 26 and the synchro-transmitter 
10 16 to measure the angular displacement of the inner roll 
gimbal 26 about the inner roll axis, and to provide a 
signal proportionate thereto. The pitch gimbal 22 is 
mounted on the common outer roll gimbal 14. Mounted 
also on the outer roll gimbal 14 are a torquer 30 for the 
pitch gimbal 22 and the synchro-transmitter 18 to mea- 
sure the angular displacement between the outer roll 
gimbal 14 and the pitch gimbal 22 about the pitch axis, 
and to provide a signal proportionate thereto. 

The directional gyro 10 provides a signal that is pro- 
portional to heading. The gyro wheel 32 is mounted 
within an inner gimbal 34 which pivots on an axis that 
is substantially horizontal with respect to the earth. The 
inner gimbal 34 is mounted within a second (azimuth) 
gimbal 36 which rotates about the vertically oriented 
azimuth axis within the pitch gimbal 20. The azimuth 
gimbal 36 provides signals which are transmitted by a 
synchro-transmitter 38 mounted on the third (pitch) 
gimbal 20. The pitch gimbal 20 is suspended within the 
outer roll gimbal 14 common to both the directional and 
the vertical gyros. The pitch gimbal 20 rotates about the 
pitch axis and is stabilized by a servo motor generator 
40 which connects the pitch synchro 42 of the direc- 
tional gyro 10 to the pitch synchro-transmitter 18 of the 
vertical gyro 12 through a gear train represented sche- 
matically by a block 44. 

An additional function of the Bendix system (Part 
No. 19005- IB) is so called “special functions” operation 
which provides continuous roll axis information when 
an aircraft is in near vertical flight while in a climb or 
dive, as noted hereinbefore. At such an attitude, the 
outer roll axis becomes substantially identical with the 
azimuth axis and, with no stabilization, the outer roll 
gimbal 14 could revolve continuously about the azi- 
muth axis, producing the well known “gimbal lock” 
phenomenon. 

“Special functions” operation prevents such gimbal 
lock by providing that whenever the system is operated 
with the roll axis in a region approximately plus or 
minus 15® from vertical, a special azimuth and roll-pitch 
resolver 46 signal is fed to an outer roll servo motor 
generator 48, causing the outer roll gimbal 14 to main- 
tain a position in space approximating the position it 
occupied immediately prior to the maneuver. Because 
the outer roll gimbal 14 is stabilized in space rather than 
in fixed relationship to the aircraft platform 50, true roll 
indications are available regardless of pitch attitude. 

It will be noted that the prior art discussed above is 
incapable of providing azimuth information when the 
platform 50 assumes a substantially vertical pitch orien- 
tation; that is, in an unstabilized system not employing 
“special functions” operation, continuous movement of 
the outer roll gimbal 14 about the vertical axis when the 
platform is in vertical pitch will cause a continuously 
changing roll and azimuth signal to be transmitted re- 
gardless of and unrelated to the movement of the plat- 
form. When “special functions” operation is selected, 
accurate roll rate information is available as just de- 
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scribed, but no azimuth information is available during 
either unstabilized or “special functions” operation. 

The shortcoming of the prior art gyro system in pro- 
viding no indication of heading changes when in verti- 
cal operation, i.e., when the aircraft is in near vertical 5 
flight while moving “wing over wing” about the longi- 
tudinal axis of the aircraft, results in the pilot or ground 
controller having no knowledge of what heading the 
aircraft will assume upon departing vertical flight. 

In conventional gyro systems as described herein- 
above, it is possible that large error signals will develop 
as a result of rapid angular displacements between the 
inner roll gimbal 26 and the pitch gimbal 22 of the verti- 
cal gyro 12 during rapid changes in aircraft pitch when 
departing vertical flight. 

An error signal will be generated by the inner roll 
synchro transmitter 16, if, during “special functions” 
operation after pitching from a wings level (no roll) 
attitude into substantially vertical flight and then rotat- 
ing about its longitudinal axis, the aircraft then pitches 20 
out of vertical flight. As the aircraft pitches back to 
horizontal flight, the mechanical coupling between the 
platform, the outer roll gimbal 14 and the pitch gimbal 
22 will cause the outer roll gimbal 14 and pitch gimbal 
22 to follow the platform movement while the inner roll 25 
gimbal 26 remains stationary in space. The error signal 
so generated is coupled to the outer roll gimbal 14 
which moves in the appropriate direction to restore 
orthogonality to the inner roll gimbal 26 and the pitch 
gimbal 22. If the pitch movement is sufficiently rapid, 30 
collision of the gimbals and loss of reference or “tum- 
bling” of the gyro can result. 

Operation of the above-described prior art third gim- 
bal system will now be described with reference to a 
schematic diagram shown in FIG. 2. Such a system is 35 
designed for installation in aircraft such that the roll axis 
of the gyro system is parallel to the longitudinal axis of 
the aircraft at all times. The azimuth axis of the system 
is independent of the position of the vertical axis of the 
aircraft and the pitch axis of the system is independent 40 
of the position of the lateral axis of the aircraft. The 
azimuth and pitch axes may therefore remain stationary 
in space during aircraft maneuvers. 

FIG. 2 shows an azimuth synchro transmitter 38 with 
an output connected to a control transformer 52 which 45 
is mounted on a common shaft with a motor 54 and a 
generator 56. A signal from the output of synchro trans- 
mitter 38 will pass through control transformer 52, 
resistor 58 and amplifier 60 to the input of motor 54. 
The signal impressed across the input of motor 54 will, 50 
in the absence of “special functions” operation, cause 
the common shaft to turn so long as a signal appears at 
the output of control transformer 52. The shaft will stop 
only when in a position to enable control transformer 52 
to null out the signal from synchro transmitter 38. Thus, 55 
the common shaft of motor 54, generator 56 and control 
transformer 52 provides an azimuth reference at a given 
point in time. It should be noted that these elements 52 
through 60, and other elements to follow, are not shown 
in FIG. 1, which merely served to show the organiza- 60 
tion of the gyros in the outer roll gimbal. 

As the pitch of the gyro platform 50 is brought within 
plus or minus 15“ of vertical, a sensing switch 62 which 
is shaft coupled to the pitch servo motor generator 40 
closes, thereby energizing relay 64 and removing the 65 
ground from the motor 54 which causes the common 
shaft of the motor 54 and control transformer 52 to 
become stationary at the position it has assumed imme- 
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diately preceding the closure of switch 62. Since the 
shaft is now stationary, control transformer 52 will pass 
a continuous azimuth signal through amplifier 60, 
thence through a transformer 66 and to resolver 46 
where a composite pitch-roll signal is added to the azi- 
muth signal at inputs 68 and 70. The composite signal at 
output terminal 72 of resolver 46 is coupled through 
resistor 74 and amplifier 76 to the input of the outer roll 
gimbal servo motor generated 48. This signal is of such 
10 magnitude and phase as to cause servo motor generator 
48 to maintain the outer roll gimbal stationary in space 
during the duration of “special functions” operation. 
Movement of the platform 50 about the outer roll axis 
will therefore result in transmission of a continuous roll 
15 signal from the outer roll synchro-transmitter 78 affixed 
to the platform regardless of the pitch of the platform. 

This “special functions” operation is modified in the 
present invention to provide the option of continuous 
geographic heading information as the aircraft enters, 
maintains and departs from near vertical flight. This 
modification or option will now be described with ref- 
erence to FIG. 3 wherein components common to those 
in FIG. 2 are identified by the reference numerals. 

Referring now to FIG. 3, the output of outer roll 
synchro transmitter 78 is connected to the input of con- 
trol transformer 52 which has an output coupled 
through resistor 58 to the input of amplifier 60, The 
output of this amplifier is connected to the input of 
motor 54. Motor 54 has a shaft common to generator 56 
and to control transformer 52. The input of the genera- 
tor 56 is connected through resistor 82 to the output of 
the control transformer 52. The output of amplifier 60 is 
also connected to the primary winding of transformer 
66. The secondary winding of transformer 66 is con- 
nected through resistors 84 and 74 to the input of outer 
roll servo amplifier 76. When the aircraft is oriented at 
a pitch angle greater than 15“ from the vertical, the roll 
signal from the outer roll synchro 78 is coupled to the 
input of control transformer 52. This signal appears at 
the output of control transformer 52 and is coupled 
through resistor 58 to the input of amplifier 60. The 
output of amplifier 60 is connected to the input of motor 
54. The motor responds to the signal by rotating the 
shaft common to the generator 56 and control trans- 
former 52 until the shaft of control transformer 52 is 
positioned so as to null out the signal from the outer roll 
synchro-transmitter 78 appearing at the input of control 
transformer 52, Thus, so long as the shaft of motor 54 is 
allowed to move in response to the signal applied to the 
input thereof, the signal will be immediately nulled. The 
nulling of the outer roll signal by the control trans- 
former 52 results in a signal across the primary winding 
of transformer 66 having a value of substantially zero 
and causes the system to operate precisely as if the 
circuitry described hereinabove did not exist, i.e., the 
system operates as if the output signal of the outer roll 
synchro transmitter 78 went directly out of the system 
without being routed to control transformer 52. 

When the platform pitch increases to within 15“ of 
vertical, the 15“ pitch threshold is sensed by the sector 
switch 62, comprising a split ring arrangement of con- 
ventional design connected to the shaft of pitch servo 
motor generator 40. Switch 62 closes, thereby activat- 
ing relay 64 which removes the ground from motor 54. 
When the ground is removed from motor 54, the shaft 
common to motor 54 and control transformer 52 freezes 
in the position it had assumed immediately prior to the 
closure of switch 62. The shaft position therefore serves 
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as a reference value for roll as the aircraft pitches to 
within 15® of vertical. 

Since the closure of switch 62 prevents motion of the 
shaft of motor 54, a roll signal appearing at the output of 
control transformer 52 will drive amplifier 60 and cause 5 
a nonzero signal to appear at the primary winding of 
transformer 66, This signal is coupled to the secondary 
winding of transformer 66 and through resistors 84 and 
74 to the input of servo amplifier 76, thereby causing the 
shaft of motor generator 48 to rotate the outer roll 10 
gimbal 14 sufficiently with respect to the platform 50 to 
null the output signal from synchro transmitter 78. The 
effect therefore, is to cause the outer roll gimbal 14 to 
maintain the same positional relationship with the plat- 
form 50 as it had assumed immediately prior to the 15 
closing of switch 62. It should be noted that the present 
invention does not utilize a roll-pitch resolved signal to 
the outer roll servo amplifier 76. Accordingly, input 
terminals 68, 70 of resolver 46 are disconnected from 
their respective signal sources. 20 

Reference is now directed to FIG. 4 which depicts 
the orientation of the gimbals as the aircraft enters verti- 
cal flight (nose down). In vertical flight, both the outer 
roll gimbal 14 and the pitch gimbal 20 of the directional 
gyro 10 rotate about a substantially vertical axis since 25 
the outer roll gimbal 14 and pitch gimbal 20 are con- 
nected such that movement of the outer roll gimbal 14 
about its axis forces a corresponding movement of the 
pitch gimbal 20 about the azimuth axis. Movement of 
the outer roll gimbal 14 while the platform 50 is in a 30 
substantially vertical pitch orientation, will cause the 
pitch gimbal to move relative to the spatially stationary 
azimuth gimbal 36, causing an error signal to appear at 
the output of the azimuth synchro-transmitter 38 which 
takes the form of an azimuth signal change. The azi- 35 
muth signal is read out of the system in exactly the same 
manner as if the platform 50 were at a pitch angle of less 
than 15® from the vertical. It should be noted that while 
in near vertical flight the longitudinal axis of the aircraft 
lies in a near vertical plane, and the vertical axis of the 40 
aircraft lies in a near horizontal plane. Therefore this 
signal is proportional to rotation of the vertical axis of 
the aircraft about the longitudinal axis whereas in hori- 
zontal flight the signal would be proportional to rota- 
tion of the longitudinal axis about the vertical axis. 45 
Consequently, this signal provides an indication of the 
aircraft geographical heading to permit the aircraft to 
be controlled for departure from vertical flight on any 
desired geographic heading. 

In the present invention, the outer roll gimbal 14 is 50 
maintained stationary with respect to the aircraft plat- 
form as the aircraft moves about its longitudinal axis 
while in near vertical flight. In other words, when the 
aircraft rotates about its longitudinal axis during near 
vertical flight, the outer roll gimbal 14 ‘‘follows” such 55 
movement by rotating about its axis as though locked 
onto the platform 50. This necessary condition estab- 
lished in order to provide geographical heading infor- 
mation during near vertical flight is essential to a second 
feature of the invention, which is to reduce the proba- 60 
bility of the gyro “tumbling” when departing vertical 
flight. 

Because the outer roll gimbal 14 is maintained in a 
stationary relationship with the aircraft platform 
throughout a vertical flight maneuver, the outer roll 65 
gimbal 14, the pitch gimbal 22 and the inner roll gimbal 
26 of the vertical gyro 12 remain substantially orthogo- 
nal. As a result, when the aircraft platform pitches from 
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vertical toward horizontal flight, the outer roll gimbal 
14 is free to follow the aircraft platform without dis- 
turbing the spatial orientation of the pitch gimbal 22, 
and the inner roll gimbal 26 of the vertical gyro 12. 
Similarly, no movement of the inner gimbals of the 
directional gyro 10 is induced during departure from 
vertical flight. Because movement between the inner 
gimbals is not induced when departing vertical flight, 
the probability of gyro tumble during such maneuvers is 
greatly reduced. 

It should be noted that the effectiveness of the afore- 
mentioned “antitumble” provision decreases in propor- 
tion to the roll angle of the aircraft as it pitches to 
within 15® of vertical. In the unlikely event that the 
aircraft entered to within plus or minus 15® of vertical at 
a 90® roll angle, the antitumble capability of the system 
upon departing vertical flight would be only equivalent 
to that of a conventional system, but as the roll angle 
decreases from 90® and approaches wings level upon 
passing to within plus or minus 15® of vertical, the an- 
titumble capability of the system is significantly en- 
hanced by the present invention. 

In accordance with the description provided above, 
one should now appreciate that a novel system has been 
disclosed for providing azimuth information to the pilot 
or ground controller regardless of the pitch orientation 
of the aircraft and for providing an enhanced capability 
to maneuver the aircraft while preventing gyro “tum- 
ble” or loss of reference. Although the invention has 
been described in terms of one preferred embodiment it 
is recognized that other embodiments of the invention 
may be immediately apparent to those skilled in the art. 
The claims of this invention are intended to encompass 
all such embodiments. 

What is claimed is: 

1. A displacement gyroscope system for indicating 
the orientation of a body in space, said body having 
orthogonal longitudinal, lateral and vertical axes, com- 
prising: 

an outer roll gimbal mounted to said body for rota- 
tion about an outer roll axis substantially parallel to 
said longitudinal axis; 

first means for providing an indication that the mag- 
nitude of the first angular displacement of the lon- 
gitudinal axis from the horizontal earth plane is 
equal to or greater than a threshold value; 

second means, responsive to said first means, for 
maintaining said outer roll gimbal substantially 
stationary with respect to a first plane defined by 
said longitudinal and said lateral axes; and 

third means for providing a first signal indicative of 
the angular displacement of said longitudinal axis 
about said vertical axis when the magnitude of said 
first angular displacement is less than said thresh- 
old value and indicative of the angular displace- 
ment of said vertical axis about said longitudinal 
axis when the magnitude of said first angular dis- 
placement is equal to or greater than said threshold 
value. 

2. The system of claim 1 including an outer roll syn- 
chro-transmitter connected to said outer roll gimbal for 
providing a signal responsive to movement of said outer 
roll gimbal with respect to said body about said outer 
roll axis and an outer roll servo having an input and an 
output connected to said outer roll gimbal for moving 
said outer roll gimbal, and wherein said second means 
includes said outer roll synchro transmitter and said 
outer roll servo; and 
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a control transformer having an input and an output 
and a shaft for rotation therewithin; 

a motor having an input and a shaft common with 
said control transformer; 

means for coupling said output of said outer roll syn- ^ 
chro-transmitter to said input of said control trans- 
former; 

means for coupling said output of said control trans- 
former to said input of said motor; 

means for disabling said motor when said longitudinal * 
axis angular displacement from the horizontal earth 
plane exceeds a threshold value; and 

means for coupling said output of said control trans- 
former to the input of said outer roll servo when 
said motor is disabled. 

3. The system of claim 2 wherein said means for cou- 
pling said output of said control transformer to said 
input of said motor comprises an amplifier in series with 

a resistance. 20 

4. The system of claim 2 wherein said means for dis- 
abling said motor comprises a sensing switch for sensing 
a pitch threshold and a relay connected to said switch 
and to said motor. 

5. The system of claim 2 wherein said means for cou- 25 
pling said output of said control transformer to said 
input of said outer roll servo comprises a resistance in 
series with an amplifier and the primary winding of a 
transformer having a secondary winding connected to 
the input of said servo through a resistance and an am- 30 
plifler. 

6. An aircraft indicating system, comprising: 

first means for producing a first signal indicative of 
the magnitude of a first angular displacement of the 
longitudinal axis of said aircraft from the horizontal 
earth plane; 

second means for producing a second signal indica- 
tive of the magnitude of a second angular displace- 
ment of a first plane defined by the longitudinal and 
the vertical axis of the aircraft from a second plane 
containing the longitudinal axis of said aircraft; 

third means for detecting a threshold value of said 
first signal; 

fourth means, responsive to said third means, for 45 
establishing as a reference the value of said second sig- 
nal corresponding to said threshold value of said first 
signal; and 

fifth means responsive to said third means, for provid- 
ing a signal indicative of the angular displacement 50 
of said aircraft about the longitudinal axis thereof 
with respect to said reference. 
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7. In a gyroscope system attached to a platform hav- 
ing orthogonal longitudinal, vertical and lateral axes, 
and said gyroscope system having directional and verti- 
cal gyros mounted within a common gimbal which is 
mounted upon an axis parallel to said longitudinal axis, 
the improvement comprising 

means for providing a signal indicative of the angular 
displacement of the vertical axis of said platform 
from a reference plane which includes the longitu- 
dinal axis of said platform when said longitudinal 
axis is oriented substantially perpendicular to the 
surface of the earth, 

said means including switch means for providing an 
indication of said longitudinal axis reaching a 
threshold value of angular displacement with re- 
spect to the horizontal plane of the earth, and 

feedback signal means responsive to said switch 
means to stabilize said common gimbal with re- 
spect to said platform. 

8. A displacement gyroscope system having orthogo- 
nal roll, pitch and azimuth axes for indicating the orien- 
tation of a body in space, said body having orthogonal 
longitudinal, lateral and vertical axes wherein said roll 
axis is maintained substantially parallel to said longitudi- 
nal axis, comprising: 

a gimbal mounted for rotation about said outer roll 
axis; 

first means for producing a first signal indicative of 
the angular displacement of said longitudinal axis 
from a first reference plane parallel to the horizon- 
tal earth plane; 

second means responsive to said first signal for de- 
tecting a threshold value thereof; 

third means for producing a second signal indicative 
of the angular relationship between a second plane 
defined by said roll and pitch axes and a third plane 
defined by said longitudinal and lateral axes; 

fourth means for establishing the value of said second 
signal corresponding to said threshold value of said 
first signal; and 

fifth means for maintaining the angular relationship 
between said second and said third planes substan- 
tially equivalent to the angular relationship there- 
between corresponding to said threshold value of 
said first signal for any amount of rotation of said 
body about said longitudinal axis. 

9. The gyroscope system of claim 8, further including 
means for producing a third signal indicative of the 
angular displacement of said vertical axis about said 
longitudinal axis when said angular displacement of said 
longitudinal axis exceeds said threshold value. 

***** 



65 



